One of the ecoregions of Peru according to the Peruvian scientist Antonio Brack Egg is the savanna of palm trees, also known as the ecosystem of the Heath Pampas, located in the Bahuaja-Sonene National Park in Madre de Dios region, southeastern Amazon. The goal was to evaluate changes in the vegetation cover, in the Pampa Juliaca grassland and clarify their causal dynamics along time. Landsat TM 5 images were processed for 1990, 1995, 2000, 2005 and 2010 using a supervised classification with a maximum likelihood algorithm. The analysis quantifies gains, losses and net change in grassland and forest cover. The results show that 27.6% of the study area experienced land cover change over the past 20years, of which 17.9% was due to a net change while 9.68% was attributable to "swap change". The largest shift was the conversion of forest vegetation to non-forest (7.14%), followed by the revegetation of non-forest to forest (2.95%). Whereas the historical tendency is for forests to invade and replace grasslands, this study shows that grasslands in the study area have in fact persisted over time. The explanation for grassland persistence involves fires set by park staff and local indigenous communities.
Introduction
The Amazon is well-known for the high biodiversity and endemism of its tropical rain forest [1] . Environmental management for biodiversity conservation has involved creation of protected areas where land use practices such as fires are restricted or prohibited, since many tropical forest species are not fire-adapted [2] [3] [4] . However, the Amazon biome also encompasses grasslands which are themselves highly biodiverse [5] . What is more, grasslands in the Amazon require fire for their management as a means to sustaining grassland biodiversity [6] [7] . This is because broader policy context for management of protected areas there. In Peru, the establishment of protected areas is a key mechanism for biodiversity conservation, but does not involve universal restrictions on the use of fire [10] . The Peruvian Amazon is recognized as some of the Amazon's most biodiverse forests, and encompasses some of Peru's largest and most famous national parks. Among these, the Bahuaja Sonene National Park is located in the southeastern Peruvian Amazon, in the Department of Madre de Dios. Importantly, Bahuaja Sonene is known for its exceptional biodiversity, due to the presence of both forests and grasslands (pampas) within the park [6] [7] . Bahuaja Sonene's Master Plan explicitly recognizes that the park's grasslands are threatened by conversion to forest cover [7] . The loss of grasslands would imply the loss of biodiversity due to the homogenization of vegetation [5, 11] . Within Bahuaja Sonene National Park, we focus on the Pampas del Heath, a rare example of a protected tropical grassland which is known to have high biodiversity [6] [7] 11] . This paper presents a change detection analysis of grasslands and forests in the Pampas del Heath of Bahuaja Sonene National Park during 1990-2010. Change detection is useful in such diverse applications as land use change analysis, monitoring of shifting cultivation, assessment of deforestation, study of changes in vegetation phenology, observing seasonal changes in pasture production, etc. [12] . Key to this study is the issue of the dynamics of grassland and forest cover, particularly where the two land cover types meet. Our analysis observes land cover dynamics for multiple periods in order to evaluate whether changes are the same over time. The analysis proceeds in four steps: 1) observation of land cover distributions among time points, 2) change detection between pairs of time points, 3) analysis of the particular land covers that serve as sources of grassland expansion and loss during specific time periods, and 4) analysis of fires to account for differences in changes in land cover dynamics among periods. The findings show marked changes in land covers over time, and reveal which land covers serve as sources of grassland and forests. In particular, the findings reveal very different dynamics in the last time interval observed, such that grasslands expanded considerably in contrast to previous periods. This contrast can be accounted for by the use of fire in the study site during the final time period. The findings bear implications for management of protected areas, grassland-forest dynamics in tropical landscapes, and biodiversity conservation. In particular, the findings merit comment in light of the question of maintaining grasslands with fire in the Amazon due to prospective climate change and increasing drought frequency.
Materials and Methods

Study Area
The study area is located in the in the Bahuaja Sonene National Park, between latitudes 12°50'16.80582" and 3°0' 54.06039" and longitudes 68°56'59.19654" and 68°56'0.04251" (Fig. 1) . This area has an average altitude of 250 meters above sea level [3] .
The Pampas del Heath are known for their biodiversity. In this habitat are numerous endemic species such as the marsh deer (Blastocerusdichotomus) and the maned wolf (Chrysocyonbrachyurus) [7] . Previous researchers [12] discovered seventeen bird species new to Peru from the Pampas del Heath. More recently, the Wildlife Conservation Society discovered 365 species never before seen in the Bahuaja Sonene National Park including many in the Pampas del Heath [14] .
The Pampasdel Health originated in the Eocene period. This grassland has exhibited dynamics of expansion and contraction beginning in the middle Holocene [11] . The Pampas del Heath also exhibit strong seasonal dynamics tied to precipitation. With the onset of the Amazon rainy season via the first strong rains of October, the pampas are completely flooded. They remain submerged until June; in July, the waters recede but the soil remains very wet, producing the flowering of grasses, sedges, and the majority of grassland trees and shrubs [5] . The soil is ancient alluvial, as it is strongly influenced by poor drainage.
Pampa soils are very acidic, with a pH of 5.7 to 4.4, with bright red ferrous concretions whose amounts increase with soil depth [15] .
The Pampas del Heath are named in the plural because they consist of two areas: the Pampa Juliaca and the Pampa Picoplancha. For this study, we analyze change dynamics in the Pampa Juliaca, because it has a larger land area (12, 280 .45 ha) and because it has exhibited more pronounced dynamics in recent years. The Pampa Juliaca has been managed with the use of fires to maintain the grassland and avoid the loss of grassland flora and fauna [7] .
2.2Pre-processing of Satellite Images
To evaluate change in grassland cover in the Pampa Juliaca,we pursue change detection analysis. We therefore employ remote sensing data in GIS to differentiate grassland and forest land cover and quantify their dynamics over time [16] [17] . Specifically, we used five Landsat TM 5 satellite images covering a period of 20 years in five-year intervals from 1990 to 2010 (Table 1) . This covers the period from the establishment of Bahuaja Sonene as a National Park thru a highly dynamic period for land cover change in Madre de Dios since the early 2000s [18] .
Landsat images come from the US Geological Survey (http://glovis.usgs.gov). Images were projected to UTM zone 19, WGS 84 Spheroid, WGS 84 DATUM, with a We then proceeded to classification of the processed images. Landsat images for each year were independently classified using a maximum likelihood classifier. As a point of departure, we initially differentiated four classes in our study area: Forest, Non-Forest, Revegetation, and Burned Areas. Because there is limited human activity in the study area, there is a limited range of distinct land covers to differentiate. Although we observed burned areas, burn scars in a given location did not persist for long in the context of our 20 year assessment. Consequently, we merged the Non-Forest and Burned Areas into one class.
In order to determine the accuracy of each classification, a random sample of 80 points were selected inside the study area for each year. Points which fell in areas corresponding to clouds, shade or on the border between different land covers were eliminated, leaving 64 points for accuracy assessment. This information was compared to the classified images and the classification results, generating kappa index values. We note that the accuracy assessment was retrospective, and did not involve a field assessment.
Changes in Grassland Cover
We then used the classified images to conduct the change detection analysis in IdrisiSelva 17.0. Changes were determined by applying the Change Detection Methods in the Land Change Modeler tool. We first classified all images into three categories: Forest, Non-Forest (including both grasslands and burned areas) and Revegetation (secondary woody vegetation indicating the transition from grasslands to forest or vice versa). We applied a supervised classification technique to the images for all five dates using the maximum likelihood algorithm. We finalized classifications using a 3×3 pixel moving window filter [22] .
We estimated changes in the areas of the three land cover classes across the five time points through a cross-tabulation. Specifically, we compared each image with the previous image for period-specific changes [24] . We also compared the last image (2010) with the first (1990) to quantify change over entire time period. The cross-tabulations constitute transition matrixes which indicate the pixels that maintained the same class and the pixels that changed class from one time point to the next. From these matrixes, we then estimated the overall area of grassland that changed over time.
We also applied the kappa index to evaluate similarity in land cover among time points [25] . Kappa is a measure of classification accuracy, and is used in the remote sensing community to test for significance of differences [22, [26] [27] . Kappa ranges from 0 to1, where values closer to 1 indicate greater similarity [24].
Change Detection Analysis
We go beyond cross-tabulations to pursue change detection analysis as developed by Pontius et al. [28] . This methodology allows for calculation of gains, losses, total change, net change and "swaps" in each land cover category with respect to each other category between two points in time. We used the change matrixes extracted from the cross-tabulations of land cover at t1 and t2 for each pair of consecutive time points for which we have images. Table 2 outlines the change detection calculations, based on Pontius et al. [28] . The notation Pij denotes the proportion of the landscape that experiences a transition from category i to category j, where the number of categories is J. Entries on the diagonal (in bold) indicate persistence and entries off the diagonal indicate a transition from category i to a different category j. The column total denotes the proportion of the landscape in category i at t1, which is the sum over j of Pij. In the row total, the notation P +j denotes the proportion of the landscape in category j in t2, which is the sum over all i of P ij . There are also an additional row and column. The additional column on the right indicates the proportion of the landscape that experienced loss of category i between t1 and t2. The additional row on the bottom indicates the proportion of the landscape that experienced gain of category j between t1 and t2.
From the calculations in Table 2 , other indicators of change can be derived. The total change (C j ) is calculated as the sum of all gains and losses for a given land cover category. Santana [29] also uses net change (D j ), which is defined as the absolute value of the differences between gains and losses in a category. Pineda et al. [30] further employ the "swap" between categories (S j ), which is calculated as twice the minimum value of the gains and losses. Braimoh [31] maintains that "swap" refers to a situation in which a given quantity of loss at one allocation is accompanied by the same quantity of gain at another allocation. Thus, whereas net change is attributable to change in quantity, swap change is attributable to change in allocation. While the sum of gross gain and gross loss indicates the total change, the difference between the gross gain and gross loss for a category is the net change for the given category, and the difference between the total change and net change is the amount of swap change [28] . Finally, Braimoh [31] calculates the ratio of gain-to-persistence (g p ) and loss-to-persistence (l p ), which permit assessment of the extent of gains and losses relative to stable areas in each land cover category. 
Results
Changes in Land Cover
The first part of the analysis outlines the land cover among the key categories over the five time points included in the study period. The land cover analysis rests on classification accuracy, which was high according to the Kappa statistic. A comparison of land cover distributions from 1990 to 2010 indicates land cover changes in the Pampa Juliaca. Fig. 2 and Table 3 show the proportions of land under forest, revegetation, and non-forest (grassland). At all of the time points, most land cover was under forest. However, forest area rose from 1990 to 2005, only to decline back to more or less the initial proportion by 2010. Revegetation covered a small proportion of the land in the study area in 1990 and declined by half by 2010. Non-forest cover also comprised a minority of the land area, but rose after 2005. These findings indicate a non-linear trajectory in land cover change, with increasing forest area until 2005 and a decline thereafter which coincided with a rise in grassland area.
Change Detection Analysis
The findings concerning land cover change raise the question of specific shifts among pairs of land cover classes, notably whether forest or revegetation (or both) were converted to grassland during the period of study. The second part of the analysis therefore focuses on changes in land cover among specific pairs of classes. This required the construction of a change matrix for lands that shifted from one cover class to another. The change matrix was calculated by overlaying coverage maps for pairs of dates: 1990-1995, 1995-2000, 2000-2005 and 2005-2010 . Overlays permitted cross-tabulations of land covers in order to estimate areas of persistence in each cover class and changes among pairs of classes. We also compared the first and last images (1990 and 2010) to quantify the change over the entire period. Fig. 3 and Table 4 show transitions among pairs of land cover classes by period between 1990 and 2010. For each period, Table 4 presents the change matrix with percentages off the diagonal indicating changes from one category to another. Row totals indicate initial percentages of the study area in each land cover, and column totals indicate concluding percentages in the same cover classes (per numbers in Table 3 ). Finally, change indexes C, D, S, g and l appear to the right. Table 4 indicates that while most land remained in the same cover class during a given period, there was also considerable land cover change. Overall during the 20-year period, 27.6% of the study area experienced land cover change. In particular, 17.93% of the total area experienced a net change from one cover class to another, and an additional 9.68% exhibited swap change. Of the other 73.4% of the land that exhibited persistence of land cover, 54.91% was forest, 7.27% was revegetation and 24.02% was grassland (non-forest).
The change indicators to the right in Table 4 show which land covers incurred more rapid change during the period of study. From 1990 to 2010, the total change index (C j ) is larger for revegetation (11.54) than for grassland (9.78) and forest (6.28 ). This suggests that land cover dynamics were greatest at the forest-grassland margins. The net change index (D j ) also varies among land cover classes, but is largest for grassland (8.97) followed closely by revegetation (8.63), with little net change in forest (0.33). These findings suggest that most gains in grassland came from clearing of revegetation, but the absolute values for D require further analysis of the change matrix in relative terms, which we discuss below. In addition, the findings for swap change (S j ) indicate more active land cover dynamics for forest (5.95) than revegetation (2.91) or grassland (0.82). Nonetheless, most change in all land cover classes was due to net rather than swap change.
Indexes of gain and loss-to-persistence
The indexes of gain-and loss-to-persistence provide additional information since both adjust for the relative sizes of areas in each cover class as well as relative areas changing and persisting in that class. There, gain-to-persistence indicates greater gains for grassland (0.39) than revegetation (0.20) and forest (0.05). The gain in grassland is also larger than the loss-to-persistence of grassland (0.02), which in turn was small relative to loss-to-persistence for the other classes. Revegetation loss-to-persistence was large (1.39) compared to other losses as well as revegetation gains; but forest loss-to-persistence (0.06) was only slightly larger than forest gain. These findings again suggest a shift from revegetation to grassland, but require confirmation by direct analysis of gains and losses among pairs of land cover classes, which we pursue below. Table 4 also permits analysis of change dynamics by period. In terms of total change (C j ), there are continuities as well as contrasts among periods. One continuity is that total change is most pronounced for revegetation across all periods; a key contrast is that total change is more pronounced in the 2005-2010 period than before. In terms of net change (D j ), values are more variable across periods and classes; this is because high values in some periods correspond to losses as well as gains. Swap change (S j ) also varies among periods and classes, but becomes larger for revegetation in later periods, which indicates that the accelerating shifts in land cover through time involves revegetation as the key transitional category. In reflection of this observation, both gain-and loss-to persistence indexes rise over time for revegetation. For most periods, loss-to-persistence exceeds gain-to-persistence for revegetation, especially during 2005-2010. Hence whereas revegetation is ongoing in the study site, areas previously experiencing revegetation also shifted either to forest or non-forest. Also notable is that the gain-and loss-to-persistence indexes for forest and non-forest fluctuate, confirming forest gains in earlier periods and losses during 2005-2010 while grassland experienced a pronounced gain over loss during the same period.
The indexes thus expand on conclusions from Table 3 and strongly suggest large shifts involving revegetation throughout the study period and large shifts to grassland during the last period. We therefore unpack the change indexes by turning back to the left side of Table 4 to analyze specific shifts in land cover among pairs of classes. This permits observation of shifts from forest and revegetation to grassland, as well as net shifts, particularly involving grassland. For the overall 1990-2010 period, the column totals in Table 4 show gains, and confirm a large gain in grassland (9.37%) compared to gains for forest (2.97%) and revegetation (1.45%). These findings confirm earlier suggestions that grasslands have been gaining in area. Reading down the grassland column, the 1990-2010 matrix in Table 4 also shows that most grassland gains came from revegetation (7.14%) rather than forest (2.24%). These findings confirm that grassland gained primarily from revegetation.
Gains and Losses among Land Cover Classes
The foregoing findings raise questions about grassland gains relative to losses. Grassland gains (9.37%) were indeed larger than grassland losses (0.41%); most grassland losses were to revegetation (0.39%) rather than forest (0.02%). Hence net change for grassland (D j ) is large and positive (+8.97%), especially for net gains in grassland at the expense of revegetation (+6.75%) rather than forest (+2.22%). Thus, the key dynamic between grasslands and other land cover is gain from revegetation rather than forest. By contrast, forest experienced a small net loss (2.97% -3.31%= -0.34%) due primarily to a net loss to grassland (0.02% -2.24% = -2.22%), but experienced a net gain from revegetation (2.95% -1.07% = +1.88%). These findings lead us to conclude that revegetation also contributes to forest gains. As a result, revegetation exhibited a large net loss (1.45% -10.09% = -8.63%), primarily to grassland (-6.75%) but also to forest (-1.88%). Overall during 1990-2010, grassland gained from revegetation and to a lesser extent from forest.
However, these land cover shifts were not constant throughout the period of study. As noted above, total change was greater during the 2005-2010 period, notably for grassland. We therefore focus on the change matrix for shifts during 2005-2010. In that period, grassland exhibited a strong gain (8.50%), primarily from revegetation (5.66%) but also from forest (2.84%). Hence a large portion of grassland gains overall can be attributed to the 2005-2010 period. At the same time, revegetation exhibited some gains during 2005-2010 (3.97%), mostly from forest (3.92%) rather than grassland (0.05%); and forest had small gains (0.53%), mostly from revegetation (0.50%) instead of grassland (0.03%). From these numbers we can again calculate the net changes. Grassland primarily gained from revegetation (5.66% -0.05% = +5.61%), though it also gained from forest (2.84% -0.03% = +2.81%). Revegetation lost area to grassland (-5.61%) but gained from forest (3.92% -0.50% = +3.42%).Forest lost substantial area (0.53% -6.76% = -6.23%), to both grassland (-2.81%) and revegetation (-3.42%).
These dynamics stand in contrast to previous periods, notably with regard to the gains in grassland and losses of forests. During 1990-1995, grassland experienced a net loss of -0.97% while there were net gains for both forest (+4.86%) and revegetation (+2.28%). During 1995-2000, grassland exhibited a net gain (+4.04%) while there were net losses for revegetation (-3.86%) and little change in forest (-0.18%). And during the 2000-2005 period, grassland again had a net loss (-2.52%) whereas there were net gains for forest (+1.97%) and revegetation (+0.55%). While dynamics varied among these periods, differences were less pronounced than the contrast with those observed during the 2005-2010 period, particularly for grassland.
Before 2005, grassland exhibited relatively modest gains and losses in most periods. Further, grassland mostly shifted area with revegetation. In 1990-1995, grassland exhibited a larger net loss to revegetation (0.65% -1.70%= -1.05%) than the net gain from forest (0.17% -0.08% = +0.09%). During 1995-2000, grassland had a larger gain from revegetation (4.22% -0.22% = +4.00%) than its net gain from forest (0.39% -0.35% = +0.04%). And during the 2000-2005 period, grassland lost more to revegetation again (0.29% -2.95% = -2.66%) than it gained from forest (0.31% -0.18% = +0.13%). Comparing these findings to those for the 2005-2010 period, we see that most grassland gains Figure 4 shows images of the study site from 2004 to 2010, in which there appear areas of orange and reddish brown colors, which are burn scars. Other imagery indicates that fire was active in the northern portion of the study area, which had previously been under woody vegetation. This is evident in imagery for 2009, which shows that grassland increased in the north. In 2010, the imagery shows that there was a big fire, which even burned part of the forest. Due to these fire events, the 2010 image shows an increased area in the non-forest land cover class.
To provide a quantitative indication of the extent of fires in the study region during 2005-2010, we employed our initial classification to estimate burned areas. Fig. 4 presents maps of the burn scars in the study area between 2004 and 2010; Table 5 provides quantitative estimates of the areas burned in 2004, Table 5 shows that the burn area was largest in 2010. Fig. 4 shows that different parts of the grassland in the study area were burned in different years, and that virtually all parts of the grassland were burned at one time or another between 2004 and 2010. Together, Fig. 4 and Table 5 show that fire incidence provides a broad spatial explanation for the location of grassland and its maintenance over time.
In the study area, fires are set by park staff as well as neighboring indigenous groups, and in both cases, fire is used for management purposes. For park staff, the use of fire is to control the advance of pioneer trees into the grasslands [4] ; for indigenous groups, fire management facilitates in hunting. The practice of setting fires in grassland habitats is likely to cause some forest species mortality, but it is also likely that grassland species may disappear if grasslands revegetate as forest. This corresponds to observations made by authors of previous studies in the Amazon on the use of fire as a management tool. According to the Rapid Assessment Program conducted by Conservation International in 1992 and 1997 [6] , burning is necessary to keep grasslands free of weeds and to preserve habitat for grassland species. More generally, Balch et al. [32] and Lee [39] argue that fire significantly increases the probability of incursion of grass in burned areas.
Discussion
The first part of the analysis showed non-linear changes in land cover in the Pampa Juliaca, notably a pronounced shift toward grassland after 2005.The second part of the analysis showed considerable gains-to-persistence in revegetation but also grasslands during the study period. The third part of the analysis indicates that changes after 2005 were greater than during previous periods, and that most of the increase in grassland came via a reduction in revegetation. The fourth part of the analysis provides an explanation for the grassland gains at the expense of revegetation: the use of fire.
The land cover analysis showed that even in protected areas with limited human activity, there can be important in land cover dynamics. What is more, the analysis made evident that land cover changes in protected areas can be non-linear over time. The transitions among forest, grassland and revegetation covers varied substantially among periods. Especially interesting for present purposes concerns the sources of particular land covers in instances of land cover change. Whereas the tendency in the study site is for forest to replace grassland, in most periods, grassland primarily emerged from revegetation rather than forest. However, a key contrast occurred during the last period observed when grassland expanded substantially from both revegetation and to a lesser extent from forest.
These findings reveal that specific shifts among land cover types are key not only for understanding land cover change (pattern) but also the reasons for those changes (process). Focusing on grasslands, the findings revealed that the sources of land cover for grassland changed over time, as a reflection of the type of changes occurring. This reveals the key transitions in the system under study. Grasslands serve as sources for revegetation and revegetation for forest, but both of those can serve as sources for grassland. More to the key point, whereas grassland serves as a source for revegetation and revegetation for forest due to natural regeneration, the other two become grassland primarily via human action via the use of fire.
This study captures the key shift in these dynamics over time as the management of the Pampa Juliaca itself changed over time. Whereas in earlier periods during the 1990-2010 interval the tendency was for natural revegetation processes to predominate, yielding shifts in land cover toward revegetation and forest, in the last period, due to implementation of fire management, the tendency shifted and grassland replaced both revegetation and forest. This study shows that multi-temporal analyses are useful not only for identifying non-linearities in pattern but in quantifying the impact of changes in the processes underlying land cover change. Whereas remote sensing is a commonly used management tool in many protected areas, and whereas remote sensing has found frequent applications in the study of fire in the Amazon, this study shows how the two purposes can be combined to permit evaluation of park management in the Amazon via the use of fire to maintain grasslands in areas where they occurred historically.
Fires are a common ecological process in terrestrial ecosystems, but a controversial theme in the management of protected areas [33] . Lloret [34] and Gonzalez et al. [35] maintain that the use of fire as a management tool is based on a set of principles. One concerns the control of fire, achieved by picking the right season and climatic conditions to ensure a low burn intensity. Another is that fire has positive as well as negative ramifications: some species may incur mortality and exposed soil may leach nutrients, but maintenance of grassland habitat for specifically adapted species in a biome dominated by forest can ensure greater overall species diversity.
While there is great concern about the use of fire in the Amazon biome, it does have management applications, provided the ecosystems in question are understood and the principles outlined above are respected. Key then is the issue of how best to regulate the use of fire in grasslands such as Pampa Juliaca. Conservation International [11] recommended setting up a burn rotation system that maintains the different ecosystems of the area. This implies periodic burns over limited areas. The advantage of such a rotational system is that it limits the spatial extent of land cover shifts, which if large can pose threats to forest and grassland species. Small periodic burns permit most fauna to relocate to suitable habitats while ensuring the persistence of grassland and shifts between grassland and revegetation rather than forest. The larger shifts observed during 2005-2010 are a concern, but even they were a relatively small portion of the total study area.
The findings for Pampa Juliaca in Madre de Dios raise questions about the land cover dynamics in other grasslands in the Amazon. Calzadilla et al. [8] , report findings for land cover change for the Pampas del Heath nearby just across the border in neighboring Pando, Bolivia. For the years 1975-2001, the land cover trend largely involves a shift from grassland to forest, with minimal land area exhibiting a shift from forest to grassland. Nothing is said about the use of fire, but the net shift toward forest implies limited or no use of fire in managing the grasslands there. In the Llanos Orientales of Colombia, Romero-Ruiz [36] notes that the southern and western boundaries are ecosystem transition zones between, respectively, the Amazonian tropical rainforest and the mountainous Andean tropical rainforest. The Llanos themselves are the result of the use of fire by indigenous peoples. Grasslands in predominantly forest biomes thus require the use of fire for effective conservation and management. This is not however to suggest that fire and other human activity is necessary in all contexts involving grassland ecosystems. The semi-arid pampa grassland in San Luis, Argentina decreased from 92.6% to 43.8% between 1985 and 2001 due to human action [24] . This can occur even in protected areas with grasslands. In the Maderas del Carmen protected area of Coahuila, Mexico, livestock farming is allowed, but it constitutes a threat to the grassland ecosystem. Wang et al. [37] mention that in Macu District, China, the main driving factors of grass cover changes include biophysical factors such as climate, but especially overgrazing.
In this context, climate change looms as a key factor likely to influence grassland distribution and the viability of the use of fire as a management tool. Rising temperatures and declining precipitation are particularly likely to make the use of fire less viable for managing grasslands. Debate over the "savannization" of the Amazon [38] suggests that the assumed historical ecological tendency of forest to replace grassland may soon be halted and eventually reversed. It thus becomes important for studies such as this to establish baselines for historical changes in Amazonian grasslands in order to observe future grassland dynamics and seek to separate climatic from human impacts on shifts in grasslands.
Conclusions
This research pursued a land change analysis of forest, grassland and revegetation cover in the Pampa Juliaca of Bahuaja Sonene National Park of Madre de Dios, Peru. Historically, the tendency has been for Amazonian grasslands to experience a revegetation process and eventually become forest. The findings confirm the predominant tendency for a slow shift toward revegetation and forest expansion from 1990 to 2005. But during 2005-2010, change dynamics accelerated and featured a shift from both revegetation and forest to grassland. This is due to fires set in the study area by park staff as well as neighboring indigenous peoples. While the use of fire permits management of grassland and forest biodiversity, there is a need to pursue a careful rotational system of controlled fires in limited areas. There remains a need for land cover monitoring in sites such as Pampa Juliaca, since climate change may lead to gradual savannization in the Amazon and permit the expansion of grasslands without the use of fire.
